Topology-Based Signal Separation ; CU-CS-941-02 by Robins, et al.
University of Colorado, Boulder
CU Scholar
Computer Science Technical Reports Computer Science
Spring 4-1-2003
Topology-Based Signal Separation ; CU-
CS-941-02
Robins
The Australian National University
Rooney
University of Colorado Boulder
Elizabeth Bradley
University of Colorado Boulder
Follow this and additional works at: http://scholar.colorado.edu/csci_techreports
This Technical Report is brought to you for free and open access by Computer Science at CU Scholar. It has been accepted for inclusion in Computer
Science Technical Reports by an authorized administrator of CU Scholar. For more information, please contact cuscholaradmin@colorado.edu.
Recommended Citation


























































9&G°ﬁ$'°&>$')_°= `$BH9&ja/?ﬀ* Gﬁ'<X+5(SG$ﬁR$'<P$'ﬁﬀ*.$bV'SjW5ﬁﬀ*.=V V$ﬁÍ(0ﬃ0cS1$! 
BﬃSB"@/%(@R$Ł1/V90d[(S$\H9H;cH@BHe$ﬁG$8^V0@Y?:4°ﬁ¼/V*=(PX(9Z$c"$ﬁGNV





































$Ł1*.H< Łﬀ*.\?W1e$ﬁ/V;7$'* m"?%+?B(SmH=uj[$'H;G&G°'ﬃ*;w &YN 9° *RHeV'?Cﬁ+yﬀ_ 
BﬃSﬁG$[+?(Sm@<H*&ﬀ$? ¼V;$ﬁ1/?S4&ﬀ?C[*R?SSjK?C<7ﬃ0(0VB$[(p?ﬁﬀ&G/VSLjGVB(S1$
$Łjﬀﬂﬁﬃ5+-VdA/P@N$'<7H$Ł1$! 9?Ł=#<N+|$'&)(Sﬀ* ﬀ$5*R?C<N9+(@1&)(O?ﬁxﬁ7¼uﬀ V'<
@1&jG<"ﬁ(H0ﬁj#ﬁg+$
Î















$T<P$'°G*5HH1\+-V¢,?'@ N%"&)q«ﬁ?B@ u°*3$ﬁ1*8ﬃo9ﬁ1VR?7?VpVjB/V¼/;$B&)(@ﬀ* ?0Bvﬁﬀ0ﬃ&j
9Sﬁ¼?OV$ﬁ?+*m$'ﬁﬀ¼1&)(
Î


















$T)9ﬁxVG&GBVB$>?01$'Kqr=$;(Sa0<7* 1&ﬀ$EVS7&ﬀ? p?1 *R?C<l9+[(S7*R9B(Sﬀ*R9°&Y









0V1$Ł= `4°ﬁ¼/$B&)(@ﬀ* ? ﬂ1S°ﬁ0/HH@BC&)(@ﬀ$%(_^ﬁﬀ$TgﬃH? f=hOi Uj_k&ﬀ? ";"ﬀFﬃ91<
He= '+-ﬃFn"ﬃ0;(pV%$ﬁj+{?\G$B$¼r?ﬀ$T°1/9°VXKIP)9ﬁ= `$BH&V9Bﬁ&=V'$%£(91$+7E #¼1* 
$ŁGB$)2+5&ﬀVC°¼ﬃﬃ$! `°*80<7* 1&Y9D$'<P$T°ﬀ*.$\?ﬁNAX(SGV'<??H;'+yﬀ&=W$ﬁ=$98: HLjT+yﬀ&GW$ŁG
$3?S
ÍS(ﬃ0ax´i @f!rﬀydh2Ux1zefFG,x<; r6;­Q7HeVC$>=X+-VÍ(S1&)( (Sﬁ$:@?BA

$Bﬃ0&)(A(9]
9(S\HeVCW+yB* (S.$ﬁ=;¼ﬀ$¼Ng"n+!BS1ﬃ0$ ?V"eﬃ0C=oBlHS9&G°&jN}B(Sﬃ* jŁ1&ﬀ
ŁﬀHSŁﬀ$ŁjC)9ﬁ1VK+E? VB"@[+{?1$,R";cHLj'+yG&G3";G&Yﬃ0$ﬁ;+	4 SS°W$*.H¼/.?~9V3SS°¼?
0V1$Ł? `+cV@X&Y?P5VBqNBﬃS0Q(Sb$9*RH¼/q,;ﬀ&=$g? $'ﬁ1]9,G&G°ÈVG<zSjCﬁ+£< B(S











|$BH9&j? &d"PpŁG&G!w *.Vﬁ+-VB*R<V]NuhAvGr'w $n&ﬀ?SSﬀ&=°Gv+ S	&ﬀ?S9n"LﬁSG&ﬀ*.H$ﬁﬀ
¼C[ﬁVP ﬀ*.H0#<mH;\$ŁG$n|°E(9(SG$ﬁﬁ3$ﬁ=$}?ﬁHLjZmB(S$Bﬃ"$'H&BH1/<
-x<; r6;­9B(S ¼ﬁj'$ﬁﬀ&=°V8+?8HLj8$ﬁG	+yB*JB(SﬁH?ﬁD$BH9&j ÍS(\B(Sﬁ$'ﬃ"$ŁGE+HV¼C$W\B(S
$'ﬃ"$'H&jY G&Yﬃ$ŁÁ=]@HLjŁ1* jC)_)8Nﬁ½¼04 SS°Í.Fﬃ?C°S#<.V5H@ﬁﬀ&1$Ł1VX(=u?jj






pC6ﬃ04a(SA@1$B&ﬁ=°Ä9BﬃSﬁX9+cB(SAﬃS0Sj'<7/ $'H&O#r6; j ;­|B(SX$BH&jX+

C9°¼/9 `HV¼C!ﬃ*;"LjB$|VK.&G*RH0ﬃ0°jV[(Sc$BH&j\+n* Y$'ﬃSﬁG*C$|*a@c"C< >$ﬁj0$BV
B(9.($>V@g* 1ÈSW+2HSŁﬀ&1$ﬁV´ [(S5'@9$d+|(S$.HHS'C&)(Ox ,?CV$ﬀ?BS<
5V'qLu(S1&)(MSG4 @ﬀ$>ﬁlHV¼C$.$%r!h'x1i UzvzzrGvf#rﬀy*S+3B(SG<O?Ł8p'VSGM"C<O?r!h;Bx1iyz
v¢ 9x1z;4 @°m$ŁﬀFﬃS&j\+DHeV¼B$p=ﬁﬀﬂﬀﬀY=ﬃ B(9|?Łm$ﬁﬀH?9ﬁﬀ "<7S1$T)?&ﬀ$+$ﬀH$Ł1V%V
¼ﬀ$'$ﬀ! ="$# ="&%
8










ﬃ*8";.-) :+uﬀH$Ł11?@ $B19°GKHeVC$: &ﬀH0$ﬁ1V@ `&ﬀVS@ﬀ&Gﬁﬀb&ﬀ*RHeVSZ$m%*a_]H*a
GH$ﬁ1VP #&ﬀ?SSﬀ&=°G$Bﬃ"0$ﬁG,?qﬀH$Ł1V@ $B19°GlHeV¼
1$\? GH$ﬁ1VP #&ﬀ*RHeVS\&ﬀ?$ﬁ$'°¼/




































@1$B&GVSSG&GﬁﬀQ+y9&G)90,¼1q?%B(SA$ﬁ=B¼ H?TXyU>+2(@Aﬂ/ﬃSﬁN8+R:) ﬁ1$Łﬀ$Q$'?! #$'ﬁﬀH
+{9$B(SVb";G&Yﬃ$Ła+5(S>$'&Y¼/V+5(S>/CH0$
¼bB(S>$ﬁ=pa[(@ﬃ*;"Ljc+F)T $B19°GXHV¼C$



































































.:)  6 >qO(Sﬁ > 1$
B(Sxﬃ*8";8+HeVCB$
¼l(@79 $ﬁ=p{[(S$ﬁG$BﬃSﬁ$8H@B=VGO"C< q4$j@B$Ła+-V\B(S
&ﬀ$ﬁ >   qﬁ6ﬃF ﬂVWo?'/Vj9ﬃSﬀ$c+8)n HLjT+yﬀ&=8$ŁGÍ1E(p? .:) 76

73ﬁ.B(9






[(S &ﬀ*.Hﬃ0ﬁj1*.HG*9°V+:(SG$ﬁA&ﬀ1&Gﬃo9ﬁ1V0$vﬁﬀ¼G$.? &ﬀ?$'ﬁBﬃ&=$a+y'* S1$! 
&ﬁ=°:/?ﬀ* Gﬁ'<.&YG.B(S:* S*a90$BH?SS¼/8°Łj;3AI@|?aB(S&@Y?Łﬀ$' Sj/("?5/VBH(








=XB= S+ = $B(SZSY?Łﬀ$T&S1/("eV+=$ﬁ}a&GV$'ﬁBﬃ&=&SpV@\$T)?T$ÍÍ(V(@:AIP
N%q?ﬀH$(Sm$'(VT°ﬀ$TÍﬀ/?ﬀ*R?9ﬁ/8+y'* Y&)(VHeVCp=ﬁ(V91/VŁB(*R$*RU<R"LY$Ł1<
*RH0ﬀ* jCﬁﬀ 60B(SW&ﬀ*.Hﬃ09°V&ﬀ*.H^]H#<79+	B(S:KI@`$7:>	^½V/VSjB??
a:> />A½7B(SWHoNS?@(@jﬁ > 1$,B(Sﬃ*;"Lj+	9)dHeVCB$j)Á&jmB(Sﬀ$Łc/?H(0$3Nﬁ
&GV$T°Bﬃ0&G°GX}&ﬀ*.Hﬃ0ﬁ/0+ NG.51$ﬀ$'<emVS>$Ł1*.H< &ﬀﬃ@B$ﬀ/VG$j +R:) ´?+-?Á=]0*.HN
$:V@8*.Vﬁc(? (S
Pﬃ0*;";2+PAIPUG/VG$:(_m?Ł81?/Vj(?!)jN.:) Í1$|(S8B(S
ﬃ*8";8+3 ﬀ0/Vﬀ$c(98?ŁRV/VcB(? ) |°.(_8V@R*;ﬃ0$';&GﬃSCd3 ﬀ0/Vﬀ$
ÍS(X*;ﬃ0°H&jS#<V$ﬁ¼&j =N";/=( $SY?Łﬀ$TSj/("V:HG$*RH0<V(_^= $ =$$
@Y?Łﬀ$'½Sj/("V:{x3; r/;È7+\(S¼BRHV¼CP=ﬃ$ Vj%&G1$Łj =¤|°NPB@S(9ﬁB(S AIP









¼ﬀ$'$|$'(?'H +-V[_)d(93?ŁW$BH?'$ﬁG<V$9*RH¼ﬀg?~9VÍV@ `ﬃSSS+-VB*ﬀ :$Í=]@H1?@ﬀ "=??





















tXGJlpO6\JL[lpL[IS3NVSHGJQ9I N9KFS3tNV\J\Jd L[lpO6\JQad%E X3GJlﬀ ENV\ﬂﬁ9Q9X3GRSHU6lﬃ! " $#&%('2U6GJK<U$GJE(NT_6GRS(lpQXHLmEWt6_6SH\JL9v*) S(_'L+ﬁ9GJIE
'2GZS3UpN9I%d*,9LYXWS3L.-PNErSHU6L2X3Q%QVS NVIg/ﬁXHQ0'EuSHU6L214365GJIEbS<N7ﬁLYE+%9N9g6g6GRI8ﬁNVS LYN9K<UpEWS3N7ﬁL]N9IpLYg6ﬁL(e:9<;>=/o NVIg?,9LYXWS3L.-
=SHQpS3U6L(SHX3L[L(GRj0e:9<;@=6o]GhE2lpGRIGRlNV\nNVlpQ9I8ﬁpNV\J\ Lcg6ﬁ9LcEA'2U6L[X3LB9 GJE0GJI SHU6L(S3XHLYL(N9Ig=>GhE2I6QVScv










































&G@?BS¼9° G*;"LﬀS¼/+yB* (S = &G*.HV@jC+%

 #$T°ﬀH  V'SjﬃS/V^ M*mﬃ0')




















KI@ +5(S$WﬁpŁG&GBV'<?D$B(0\Íq H?T7-"W1$71$'ﬃ<¼S$'°¼/ﬃS$B(9"c+yB* B(S.VB"SS






u%0Sﬀ ?1$ﬁ.KB(SRﬁ1* = `$ﬁjŁG$\_) +y'* ﬂ1/ﬃ@ﬁaHOﬁGS1l(Sﬀ*;"Lﬀ@/SﬁﬀHLY_°ﬀ





















$'(ﬃSj  :/C?¼X	B(S1$8*aqNﬀ$;$Łj$Łq,1?B/?j0V1$Łx91ﬃSG$8Hﬃ0$B(H?C$8+-ﬃ@'(@j8+y'* B(Sj¼
?ﬁ1/?H$ﬁﬁ1V%?VB(Sm°'ﬃS\?B"SSpH(@1&)(K* YN$[(9[B(SG< Í1;ﬁﬀ*R?¼ )! 1$'o_°ﬀ%ﬃ@ﬁ1 )
$mFﬃSﬁ.1?B/??d[(S$Z$2(S>/VSﬀ$Ł1$c+(S>&ﬀ1?1* "e=VR"ﬃ0m(S9,G&G$c+$'*a LV$ﬁ
? (@:AIP]):+E&GﬃS'$ﬁ?(@>yxs=rGvfxyzV+nB(S
0V1$Ł?ﬀ&=V:1$'R*R9Bﬁj'$j `+E ?1$ﬁ^ !0Sﬀ





9+HﬁjC°1D@1$'BﬃSB"?&jG$(@G< &ﬀVC)NÄ0$')N&jG$m+E(S8H9(01/?1&Y90S @.&GﬃT `_ #S=°ﬀ&=
&ﬀ$ﬁG$,* jC°VSﬀ7"=?^w $'*a91QV$ﬁ:*R/V@ﬃ0Sﬀ$5?%91V/_ `(@= #?B"SS'V1$Ł^w ?7$'8(S=<
H@B=71S8Rﬃ$ŁG+-ﬃ	$ﬁG:+nﬁﬀ$':&Y$Łﬀ$:+-?|B(S1$|HHLj]&1SC)<V u8ﬃ$Łﬀ*8";GSﬀX9) 
B(Sﬀ$Ł=]0*.HG$j79B(Sj5(?R(S:+-ﬃ01$'9°^ #$BH&j2ﬁpŁG&G?ﬁG$ﬁHS'@0ﬃ&jG%"<.(@ÁC°G/V_V
"Lﬀ&ﬀﬃ$Ł&  ﬁÁ¼C°jŁﬀ$T°ﬀ ¼91ﬃ_°0/cB(S:ﬃ0ﬁ1¼#<;9+(SG$ﬁ:ﬁﬀ&)(S@1FﬃSﬀ$5+-Vu^]@H;ﬁ1* jC
9)@?g0<7* 1&Y9$'<P$'ﬁﬀ*.$:NﬁNﬁﬀS<7"0$ﬁj¢9"Á¼%HS&=°&j?
[(S"«71ﬃ0$	S-,ﬁ&jG$	"LGuj8(S,.:)?&GﬃSŁ?ﬀ$¼cﬂ1/ﬃ@ﬁﬀ$}?$$Bﬃ//?ﬀ$'D[He1/<C 






@1$ﬁC)?/2(@2ﬁS[(SW"SŁYqHeVC )HS%B(S1$,&ﬀ$ﬁN&Y?V"LZ¼C°j'HSﬁ=°G 9$39HHSBY]H1*R9T 
¼/\B(S:*R_]H1*8ﬃ* ﬀ0/V2/B(a+B(S AIP+(S3z;z@ eV$'<>9@ ,ﬁB(9991ﬃSN@*.$Tﬁ+

QVS3LSHUNVS NVI%d QXNV\J\ QVjrSHULKMQ%Q9X<g/GJINaS3LYE0Q9j NﬁG!,L[I L[l_qLYgg/LYg^OqQ9GJIS lN d>GRI'KM\Jtg/L I6QGJEHL"%'EWQpOqQ9GJIS<Eg/Q
I6QVS EHGRlpO6\Jd>lpQ0,9L NV\JQ9I8ﬁmQ9I6LN7-%GhE0QVjrSHULXHLcKMQ9I'EbS3XHtKMSHGJQ9I EWONKMLv
ﬀ























































































[n, m] = [0.5, 4.0]
[n, m] = [2.0, 4.0]





















mean = 3.00, stdev = 1.00
mean = 4.00, stdev = 2.00
mean = 2.25, stdev = 1.75
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